This past decade, Kelvin probe force microscopy (KPFM) has been intensively used for near field investigations of the work function of a wide variety of materials and for local mapping of the surface potential of photovoltaic thin films 1, 2 and organic electronic devices. 3, 4 Moreover several groups have reported KPFM images displaying variations of the local contact potential difference (LCPD) at atomic scale [5] [6] [7] [8] [9] on semiconducting and insulating surfaces under ultra-high vacuum (UHV). Significant progress has been made towards a quantitative interpretation of these LCPD atomic contrasts, by combining state of the art experiments with theoretical investigations of the short range electrostatic (SRE) forces involved 9, 10 in the KPFM imaging process. In comparison, LCPD contrasts have been poorly investigated in the case of organic and molecular materials. The influence of molecular dipoles on the KPFM signal has especially been discussed in the case of porphyrin-based molecules deposited on highly oriented pyrolytic graphite 11 (HOPG) and on KBr(100) substrates. 12 Molecular CPD contrasts have also been recently reported 13 for copperphthalocyanine (CuPc) monolayers on Au(111), suggesting that molecular electric dipoles may be imaged by KPFM.
In this report, we investigate the nature of the LCPD contrast on molecular pi-conjugated self-assemblies, by combining topographic, damping, and CPD imaging with damping and CPD-distance spectroscopy. It is shown that a strong contribution of SRE forces is required to achieve potential contrasts correlated with the molecular lattice, which suggests the existence of proximity effects at the tipmolecule interface.
The following results have been obtained on two semiconducting molecules containing oligothiophene segments and a fluorenone central unit, labeled QTF8 (Ref. 14) ( Fig. 1(a) ) and FG1 (Ref. 15) (Fig. 1(d) ), which synthesis has been described elsewhere. 14, 15 When deposited from solutions on HOPG, both molecules self-assemble into edge-on pi-conjugated nanowires stacks, which structural organization has been established by combining the results of NC-AFM with molecular mechanics (MM) and molecular dynamics (MD) simulations (see our former report 16 for QTF8, and the supplementary information 17 for FG1). After in-situ annealing, QTF8 stacks (Figs. 1(b) and 1(c)) consist in non-polar layers 16 in which the orientation of the fluorenone unit (carrying the main molecular electric dipole) alternates from one wire (C¼O bond pointing upward) to the next (C¼O bond pointing downward), leading to a doubling of the lattice periodicity (ca. 7 nm) with respect to the single nanowire width. 16 On the contrary, FG1 assemblies (Figs. 1(e) and 1(f)) are formed by identical molecular wires (all C¼O bonds pointing upward), 17 the lattice periodicity (ca. 4.5 nm) being slightly larger than the width of a single molecule due to a partial adsorption of the alkyl side groups on the graphite. NC-AFM/KPFM experiments were carried out at room temperature in UHV using a VT-beam AFM system 2, 16 and in situ annealed PtIr 5 coated Si cantilevers (Nanoworld, typical spring constant k of 2.8 Nm
À1
). Topographic imaging was performed in the frequency modulation mode (FM-AFM), and KPFM data were simultaneously recorded in the amplitude modulation mode (AM-KPFM) with a bias modulation of 100mV peak-to-peak (see our previous report for more details 2 ). Last, distance-spectroscopy measurements were performed by recording damping(z) and CPD(z) curves at selected locations, the feedback loop being disabled during the acquisition.
To investigate the influence of the tip-surface separation on the KPFM signal, a first series of images (topography, damping, and CPD) have been acquired at the mesoscopic scale on a FG1 thin film with sub-monolayer coverage while varying the frequency shift set point (Df) and keeping the vibration amplitude (A vib ) constant (Figs. 2(a)-2(c) ). The frequency shift dependence of the difference between the CPD levels (average values) measured over the oligomer stack and the substrate (DCPD ¼ CPD FG1 À CPD HOPG ) has been plotted in Fig. 2(d) . DCPD dramatically increases when lowering the set point (i.e., decreasing the tip-surface separation) below the value corresponding to the apparition of a contrast in the damping images (Df onset % À5 Hz), and a saturation plateau is reached below Df sat % À10 Hz.
In the large amplitude regime, the tip-surface distance d (at the lowest point of the cantilever oscillation cycle) is directly related to the normalized frequency shift, c ¼ (
)/f 0 . A second series of image (not shown) has been recorded at variable amplitudes, but keeping a constant c ¼ À3.7 fN m 1/2 by proper adjustments of the frequency shift. In that case, the CPD is nearly unchanged whatever the amplitude set point (see the inset in Fig. 2(d) ), which confirms that the tip-surface separation is the key parameter in the abovementioned frequency shift dependence of the CPD contrast.
It is also interesting to compare the measured CPD difference between the stack and the substrate, with the surface potential modification DV S expected by considering the array of the molecular dipoles oriented perpendicular to the surface. 11, 12 The DCPD value in the "saturation" regime corresponds to a dipole of ca. 2.7Debye per molecule (see the supplementary information), which is remarkably close to the values previously reported for fluorenones. 18 Next, to check the occurrence of local CPD contrasts, another set of high magnification images (Fig. 3) has been recorded on the FG1 stack. First, we underline that topographic contrasts at the molecular wires scale are only achieved for tip-sample separations equal or less than the one corresponding to the onset of a contrast in the damping images (Df Df onset ). For greater tip-surface distances (Df > Df onset ), the molecular network cannot be resolved in the topographic images ( Fig. 3(a), left panel) . As expected, the lateral resolution of the CPD images improves noticeably when reducing the tip-sample separation as shown by the comparison between the CPD images presented in Figs. 3(a) and 3(b) (right panels). In the later image, features with lateral dimensions of a few nanometers are clearly resolved. However, CPD modulations correlated with the molecular lattice appear only after a further decrease of the tip-surface separation (Fig. 3(c) , right panel), for set points corresponding to the saturation plateau in Fig. 2(d) (Df Df sat ) .
Similar results have been obtained for QTF8 molecular stacks (Figs. 4(a)-4(c) ), for which the topographic and dissipation images display identical contrasts than the ones reported in our previous works. 16, 19 Particularly, the dissipation (Fig. 4(b) ) is higher over the wires with the C¼O bond pointing downward (the molecular electric dipole being oriented upward), consistently with Qplus AFM investigations 19 carried out in the low amplitude regime. The existence of well-defined non-equivalent molecular orientations was used to gain a deeper insight on the nature of the LCPD contrasts. First, the contrast difference between both kinds of molecular wires was estimated to be of 25 6 5 mV from profile lines (not shown) extracted from the CPD images (Fig. 4(c) ). Second, CPD(z) curves (Fig. 4(e) ) were recorded at selected locations over the stack. Above all locations, the CPD shows a well marked drop from z ¼ 0 (regulated set point) to z % 0.45, and an almost constant value for greater tip-surface distances. The CPD difference between the curves at z ¼ 0 is the same within the error bars than the one previously deduced from the CPD images. This confirms that most of the contrast should be explained by the distance dependence of the CPD. The point z % 0.45 characterizes the onset of the short range forces, as shown by the damping curves given as an inset in Fig. 4(e) . Above that threshold position, the SRE forces do not contribute to the KPFM compensated CPD, which directly reflects the potential variations of the imaged surface. Reducing the tip surface separation, a crossover occurs between the LR and SR regimes, due to the increasing influence of SRE forces. At the smallest tip-surface separations, the "local" CPD becomes dominated by the contributions of SRE forces, accounting for the appearance of modulations correlated with the molecular lattice in CPD images.
However, similarly to the case of atomic contrasts, these variations cannot be directly attributed to local changes in the surface potential, due to non-conventional proximity effects between the tip apex and the surface. Further NC-AFM/KPFM studies are planned to address the exact nature of the tip-surface interactions, such as quasi constant height CPD imaging and low temperature measurements.
In summary, SRE forces can contribute significantly to the LCPD contrasts in pi-conjugated stacks. Alternatively, our results demonstrate that the influence of the SRE forces can be minimized by working near the onset of the damping contrast. This provides an interesting hint to adjust the tipsurface separation for achieving an optimal lateral resolution in "conventional" CPD images (i.e., images registered at tipsurface separation out of the range of SRE forces) on organic layers.
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